This paper discusses educational informatics as a research field and provides an overview of the scope of work in this, and closely related, areas by members of the Department of Information Studies at the University of Sheffield. Current work in Sheffield focuses on the use of information and communications technologies (ICTs) in universities and schools, seeking to understand the effects of using ICTs in educational practice on learners, teachers and learning support staff. It also seeks to develop practical knowledge of relevance to the design and facilitation of ICT-enabled learning environments. The paper highlights the interdisciplinary nature of this research, and discusses theoretical frameworks and methodological approaches that are being used by Sheffield researchers. It concludes by suggesting that library and information science has a distinctive contribution to make to the study of ICTenabled learning, and that there is a need for further discussion within the literature of this emergent field of inquiry.
Introduction
Over the last decade, the impact of information and communication technologies (ICTs) on educational and training policy and provision in all sectors has been considerable -some might say, revolutionary. Governmental and inter-governmental agendas, combined with institutional and commercial interests, point the way towards continued, rapid diffusion of ICT-based resources and processes into all areas of educational practice in the developed world. Within this context, it seems safe to predict that ICTs are set to play an increasingly significant role in the experience of both formal and informal learning at all levels. A growing body of multidisciplinary research seeks to explore the implications of this development from a variety of stakeholder and research perspectives. One such perspective is that of library and information science (LIS). In this paper, we introduce educational informatics as a research field and provide an overview of the scope of work in this, and closely related, areas by members of the Department of Information Studies (DIS) at the University of Sheffield (see also http:// dis.shef.ac.uk/eirg/). The paper aims to reflect the way in which we conceptualize this field of inquiry, and to highlight elements of an evolving research agenda for LIS in this field.
The term 'informatics' is subject to a range of definitions and usages, and in its broadest sense may be used simply as a synonym for information technology [1] . Within computer science, it is commonly used to refer to topics related to the representation, processing and communication of information within computational systems. The concerns of computer science include non-semantic aspects of information, for example, the material characteristics and behaviour of bit streams. However, within information science, informatics is always concerned with the semantics of digital information use and communication (that is, with information content and context) and with digital interactions between multiple information sources, whether these be human or in recorded form. Domain-specific areas include health informatics, chemo-informatics, business informatics and social informatics. Kling and Hara [2] note that research in these areas tends to be defined as the study of the application of ICTs and information management (IM) techniques to the domain in question, although they suggest that definitions of informatics research that are solely 'applications-focused' fail to draw sufficient attention to the need to understand the human consequences of these applications, and to what constitutes the appropriate application of ICTs and IM in specific contexts. Domain-related informatics research of various kinds is being taken forward within departments of information science, but as interdisciplinary areas of inquiry they are by no means the exclusive preserve of the discipline.
Research into the educational possibilities and impact of ICTs is not a new phenomenon. However, educational informatics research is a still emergent domain, given recent impetus by developments in the use of the Internet as both an information environment and an environment for learning. We define the domain as: the study of the application of digital technologies and techniques to the use and communication of information in learning and education. The overarching purpose is to develop and evaluate concepts, models, theories, techniques and methodologies -including research techniques and methodologies -that are of relevance to the use of ICTs for the purposes of learning, teaching and supporting learning in diverse settings. The main concerns of this area of inquiry are essentially twofold, and relate closely to each other. First, research in educational informatics seeks to understand the effects on people of using digital information (re)sources, services, systems, environments and communications media for learning and education. It examines the issues and problems that arise from their practice and how these relate to factors such as educational and professional context, communication and information practices, psychological and cognitive variables, and ICT design and use. Second, it seeks to contribute to the development of practical knowledge that is relevant to diverse forms of ICT-supported learning. This includes knowledge about appropriate pedagogies, ICT and IM strategies, management approaches and instructional materials, together with systems and environments, for example by designing, implementing, using and evaluating the outcomes of ICT-enabled educational interventions are all key areas of enquiry. We include our own professional practice as LIS educators within the scope of this agenda for educational informatics research, and consider that action research -that is, research that is carried out through and within social action by those involved -offers a valuable approach to improving practice and building practical knowledge in this domain [3] [4] [5] [6] [7] .
Educational informatics is located at the intersection of three broad disciplines: information science, education and computer science. Each of these encompasses a range of sub-disciplines and domains, including information systems, information management, information literacy, educational psychology, learning technology, computer-supported collaborative learning and instructional design. Research in educational informatics may draw on all of these disciplines and areas, and also on theory and empirical research from other informatics domains such as social and organizational informatics [8] . Its interest in learning distinguishes it from other work in information science that focuses on information behaviour, use and systems design in other contexts. At the same time, its interest in information sources, content and processes distinguishes it from areas grounded in education and computer science such as computer-supported collaborative learning and learning technology. However, in common with other informatics research it is unequivocally concerned with ICT. Studies that investigate information issues in educational settings without explicitly addressing the role of ICTs may be of relevance to educational informatics researchers, but such work would not itself be included within the educational informatics domain.
Educational informatics research is concerned with the relationships between people, information, ICTs, learning and professional practice at the level of individual and social action, and in diverse organizational and institutional settings. For example, it includes studies that focus on the cognitive and psychological aspects of individual learners' interactions with ICT-based information, as well as studies that focus on the impact of ICTs on learning interactions within groups or communities, including the impact of using computer-mediated communication (CMC) media. Educational contexts of interest include formal education at any level (primary and secondary schools, post-16, further and higher education, and continuing professional development), organizational forms such as ICT-enabled, 'knowledge creating' communities of practice and diverse settings for informal learning including the workplace, the home, public libraries and other community locations. In what follows, we discuss work in DIS that focuses on the implications of ICTs for learners, teachers and learning support staff, and for the design of new learning environments, in higher education and schools. For convenience, we use terms such as 'online learning', 'Internet-based learning', 'ICT-enabled learning' and 'e-learning' generically, but with the term 'networked learning' we signal a perspective that is closely aligned with the tradition of computer-supported collaborative learning [9] .
Learners
A body of work in DIS focuses on learners' ICT-based information-seeking behaviour and skills, and on the development and evaluation of on-line methods in education and training for information literacy -a strand that reflects the interest of those in the wider information literacy field, over a long period of time, in using on-line delivery as a key part of their educational and training strategies. Work in the late 1970s to mid 1980s tended to revolve around training for on-line searching, in particular for library and information students and professionals. At a time when access to on-line services was expensive (as were computers), computers themselves had low processing and storage capacity, low-cost data networks did not exist, and both the services and the training packages were text based, most people were not using computers as part of their day to day work. In this context, key subjects for research were: . simulations and emulations of existing on-line services for learners to practise offline, such as the DIALOG and BLAISE simulations developed at Sheffield and described by Wood [10] ; . programs developed to illustrate certain retrieval functions, such as the INSTRUCT text retrieval program [11] produced at Sheffield with funding from the then British Library Research and Development Department; . computer-assisted learning (CAL) packages, usually for teaching on-line searching. For example Eisenberg et al. [12] describe the MEDLEARN package used for training in use of the biomedical MEDLARS files. As end-user searching became more commonplace, initially because of the use of CD-ROMs and on-line library catalogues, so did the integration of interactive on-line elements into information literacy programmes for end-users [13] . In the area of CAL, research at Sheffield progressed to more detailed investigation of cognitive aspects, building on work on cognitive styles and searching [14, 15] . Wood et al. [16] describe the development of CAL packages to help undergraduates learn to search electronic resources, such as databases, on CD-ROM. Undergraduate students were surveyed to examine previous searching behaviour and to identify their cognitive and learning styles. Guided by this data, CAL packages were produced for four different discipline areas and students' use of them was observed. It was concluded that CAL packages are appropriate for student-centred learning, that students find them engaging, and that a CAL package may allow for the learning experience to be tailored to individual learning and cognitive styles and preferences.
More recent work in DIS focuses on learners' Internet information-seeking skills and behaviour, and on Internet-based pedagogy for information and other literacies related to e-learning. In the schools context, a three-year project entitled Education for evidencebased citizenship: improving pupils' information seeking skills, funded by the Arts and Humanities Research Board (AHRB), is being carried out in association with The City School, Sheffield (www.city.sheffield.sch.uk). The project focuses on the way in which students from 11 to 16 years of age search the Internet, in the context of their studies. As yet, the impact of the Internet, and especially of the Web, on learning in schools is uncertain. This project is examining how Internet technologies are being used in practice in a range of subject areas and considering how they should be used in theory. One of its objectives is to develop educational materials and methods to enhance school students' ability to find and use information from a variety of sources [17] . Research methods include interviews with teaching staff, surveys of students' use of Internet resources, and action research in the design and evaluation of interventions. At the end of the academic year 2001-2002, a longitudinal survey was begun that seeks to establish the relative importance of a range of information sources to students' work on, and achievement in, homework assignments. Students are asked to provide details of the information resources they use to carry out assignments. The longitudinal nature of the study will help to identify changes in information-seeking practice as students mature and as they encounter different types of learning task, as well as to identify the impact of curriculum interventions later in the project.
Within the context of higher education, a number of studies have sought to map human individual differEducational informatics ences onto Internet-based information seeking within a learning context. This research has charted links between study approaches (including deep and surface level orientations, fear of failure and time management) and search strategies -a model being developed which links retrieval strategies with both study approaches and task complexity [18] . Links also have also been found between search effectiveness and a range of other individual differences including gender, cognitive styles, cognitive complexity and selfefficacy [19] and between search strategies and retrieval effectiveness [20] .
Also within higher education, a number of projects have focused on the experiences of on-line learners, exploring implications in particular for the literacies or 'process capabilities' related to productive ICT-based learning in professional development, and developing pedagogic strategies to provide support for the development of these capabilities. For example, research was undertaken into the experiences of participants on an intensive networked learning course run over a period of 17 weeks between September 1997 and February 1998 by NetLinkS, an Electronic Libraries (eLib) project funded by the UK Joint Information Systems Committee and based in DIS. The course was taken by information professionals from more than thirty UK higher education institutions, and aimed to provide an opportunity for these staff to engage with ideas and issues associated with their changing educational roles in the networked environment. The pedagogic model was developed with reference to constructivist perspectives on learning and the findings of previous action research [21, 22] , with the aim of supporting self-managed, collaborative learning within a 'virtual' learning community, by means of on-line discussion, group-work and work-based projects. Using the experiential learning cycle as a design framework [23] , a series of developmental tasks focusing on the experience and practice of networked learning, and involving critical reflection and discussion, were embedded into the course. Access was entirely on-line -there were no face-to-face meetingsand the technical platform can be seen as an early experiment in virtual learning environment (VLE) design, in that the Web and a range of asynchronous and synchronous conferencing tools were used to provide integrated access to information and social resources. Learning experiences were generally very positive overall, and structured experiential learning proved to be useful in supporting the development of learners' process capabilities. Nevertheless, the research revealed that in what was for all participants both a new approach to learning and a new environment for learning, there were challenges in areas such as personal information management, the use of CMC and the management of time and flexibility. This indicated that a significant level of 'process support' may be required for novice networked learners in these and other areas. A European Union funded project called DEDICATE, led by Chalmers University of Technology (Sweden) in collaboration with other European partners including the University of Sheffield, adopted the NetLinkS networked learning model for a continuing professional development course in information literacy for information professionals and academic staff, with positive results [26] [27] [28] .
Other work on literacy for on-line learning, and on on-line strategies for supporting skills development, arose out of action research into the experiences of continuing professional development students on a distance learning MA in IT Management [29] . As a consequence of changing the delivery mode from a traditional, text-based approach to an e-learning approach, students on this programme needed to engage with a new type of learning environment and new methods of learning. It was assumed that as IT professionals, they would be able to engage successfully in e-learning without training in areas such as the use of CMC media, on-line 'etiquette', and Web navigation and searching. However, the research revealed under-use of both on-line information resources and on-line communication facilities amongst the cohort, indicating that being a 'techie' is not synonymous with being an effective e-learner. A project entitled 'Networked Information and Communication Literacy Skills' (NICLS) was launched to address this, resulting in the identification and classification of a set of core skills and the development of an induction module that in turn resulted in better prepared students and maximization of resources available on-line [30, 31] .
Research into students' learning experiences on this programme also revealed other issues related to both the nature of e-learning and the system architecture of WebCT, the VLE that was used. The architecture of WebCT tends to encourage the design of programmes that are composed of units (or modules) with little or no direct connection between them [32] . This can lead students to lose contact with previous learning materials, tutors and each other as they progress through a programme, thereby losing a holistic view of their course and limiting the possibilities for building a learning community. This research led to a project to design a unifying component, known as a 'virtual social space' (VSS), to connect students to the wider learning community for the duration of their studies and, eventually, following graduation, participation in the VSS also serves as reinforcement for students' development of on-line skills [33] .
Work on pedagogy for information literacy in face-toface settings in DIS may have implications for ICTbased pedagogy. For example, Webber and Johnston [34] describe an information literacy class delivered to business school students, reflecting on appropriate pedagogic approaches. They also critique current pedagogy for information literacy [35] and, specifically, assessment practice in this context [36] . Current definitions of information literacy -for example, by the Task Force on Information Skills of the then Standing Council of National, College and University Libraries (SCONUL) [37] -are holistic, encompassing recognition of the information need, and evaluation and use of information, as well as the aspect of searching for information. However, information literacy educators (whether information professionals or academic staff) may not be giving adequate attention to all aspects of information literacy. Interviews with librarians and academics at Plymouth University by Hetherington-Field showed that some topics tended to be overlooked by both sets of her interviewees [38] . Previous research in this area that has focused on learners' interactions with a given system may have led researchers to underestimate the importance of aspects of information literacy such as defining the information need. This would seem consistent with Wilson's [39] observation that much information behaviour research has concentrated narrowly on the study of people's interaction with specific information sources and systems. Initial results from a study of Australian students [40] indicate that some students have severe problems in relating a given topic to possible sources. In the light of these considerations, Webber [41] is experimenting with the use of mindmaps as part of the learning, teaching and assessment strategy for a campus-based undergraduate course in information literacy. These are used to focus attention on search planning and development, and to stimulate students to adopt more varied search strategies.
Teachers
Rapid developments in the digital information environment, and in Internet-based learning and teaching, are serving to focus attention on information literacy as a far-reaching educational and democratic issue in the information society. In UK higher education, whilst progress has been slower than in the USA or Australia, information literacy is moving up the agenda in relation to 'key skills' for scholarship, employability and lifelong learning. Moreover, there is evidence of increasing diffusion of ideas about information literacy amongst a wider and more diverse stakeholder group than has traditionally been the case, including teachers, educational developers and learning technologists as well as information specialists [42, 43] . At the same time, there are debates in the national and international LIS literature about whose responsibility it is to provide information literacy education and about the value of partnerships between academic and information staff in this context, reflected for example in recent papers by Gutierrez and Wang [44] and Calderhead [45] . This is the context for a recently launched, three year research project to investigate UK academics' conceptions of, and pedagogy for, information literacy. The project started in late 2002 with a research assistant based at Sheffield University and investigators from Sheffield and Strathclyde Universities. Phenomenography will be used as the key research method. Originally developed to explore conceptions of learning and teaching, this approach has been used in related areas including information literacy [46] , and involves formulating key questions to probe conceptions of a phenomenon from different angles through a lengthy interview. In order to generate a set of descriptions that map variation in conception, a body of interview transcripts is analysed as one transcript, since the focus is not on each person's conceptions but on the variety of conceptions held amongst all interviewees. Previous research has indicated that there may be differences between disciplines in terms of conceptions and practices of learning and teaching [47] , conceptions of information literacy [48, 49] and information seeking behaviour [50] . Using Biglan's typology of disciplinary differences as modified by Becher [51] , academics from four disciplines (examples of hard-pure, hard-applied, soft-pure and soft-applied) will be chosen to participate in the study. Transcripts relating to each discipline will be analysed together, to identify any variations in conception between the disciplines. Whilst the project is not setting out specifically to explore the impact of ICTs on academics' conceptions of information literacy, it is possible that amongst other factors their conceptions will be influenced by their experiences of, and responses to, developments in the electronic information environment. [52] . The aim of this project was to develop, implement and evaluate the introduction of computerbased collaborative learning methods into higher education and to address the need that teachers and other higher education practitioners have for quality information in this area. This gave rise to a number of interdependent strands of research and development, including the following: . An information service, including a fortnightly 'Alert Service', to bring current developments in networked collaborative learning to the attention of practitioners. This disseminated both subject-based references and CBCGW project research. . The design, implementation and evaluation of short, experiential courses in networked collaborative learning [53, 54] . . A series of initiatives aimed at evaluating the impact of the introduction of networked collaborative learning methods in courses. These also resulted in a number of case study evaluations of on-line teaching and learning strategies in continuing professional development [55] . . An evaluation of groupware for networked collaborative learning, designed to provide practitioners with information with which to make informed decisions about which groupware to use. For each groupware environment an overview of the groupware was provided, including its main features and examples of its use in an educational environment, plus a link to the developer's Web site. . A Web-based national professional development centre for CBCGW in higher education (http:// collaborate.shef.ac.uk/). Intended to draw together the different strands of the project, the centre hosted links to research reports evaluating the introduction of networked collaborative learning, and to relevant courses and further subject information on topics related to networked collaborative learning.
Learning support and institutional issues
As educational practice has moved increasingly into the 'virtual' space over recent years, one strand of research in DIS has focused on the implications for information specialists, in terms of their involvement in support for learning and the impact and use of ICTs in their practice. This work was stimulated initially by the Follett [56] and Fielden [57] reports on UK academic libraries, which envisaged a much enhanced 'para-academic' role for library staff in the context of electronic library developments, and by observation of early trends in the use of the Web and CMC in teaching and in aspects of library user education, reference work and other forms of assistance to end-users. Fowell and Levy [58] adopted the term 'networked learner support' to refer to information specialists' learning support role in the networked environment, and between 1995 and 1998 a team in DIS was awarded two grants to run the NetLinkS project. This project monitored evolving UK and international practice in the use of Internet technologies in discipline-based teaching as well as in learning support in information services, and carried out research into professional, educational and technological issues of relevance to the development of librarians' roles and practice in networked learner support [59] [60] [61] [62] [63] . It also served as a focal point for an on-line community of interest in the impact of ICTs on learning support, principally comprising staff in information services but also attracting other interested stakeholders, including staff from IT services, academic staff and staff with responsibility for educational development. It maintained a Web-based collection of information resources and examples of practice, and ran a range of informal and formal awareness raising and professional development activities, one of which was the course described above.
Based on research instigated by the NetLinkS project, networked learning support can be seen as an evolving, interdisciplinary area that for information specialists means working at the intersection of two principal areas of professional practice -information practice and educational practice -within the context of ICT-related innovation in both areas [64] . Such a view recognizes expertise in the use of ICTs as an embedded aspect of librarians' learning support practice, and rests on the assumption that in the multidisciplinary area of learning support, their focusunlike that of IT specialists or learning technologists, for example -is essentially on support for information use in ICT-enabled learning and teaching. NetLinkS research indicated that for many information specialists, becoming active in this area entails more than simply the extension of traditional practice through adopting new tools and techniques. Factors such as the hybridization of expertise and role convergence within P. LEVY ET AL.
Journal of Information Science, 29 (4) 2003, pp. 298-310 # CILIP learning support services meant that librarians were being challenged to engage with new perspectives on their traditional professional roles, relationships and identities, and that they needed to be proactive in forging opportunities to establish a firm stake in the changing educational arena. In order to participate in defining and supporting new models of educational practice, they also needed opportunities to extend their knowledge and expertise into new areas, for example in relation to relevant aspects of learning theory and the uses of learning technology, and multidisciplinary teamwork and innovation. Hence, the research suggested an agenda for providers of first professional education and professional development in LIS, to address the needs of information specialists whose work is oriented increasingly towards exploiting ICTs in learning and teaching.
The NetLinkS research is of continuing relevance in the light of the on-going impact of ICTs on the practice and organization of learning support. In terms of ICTrelated innovation, librarians are active in areas such as electronic resources management and information design for VLE-based learning, the development and use of digital 'learning objects', VLE-based and other ICT-based approaches to information literacy teaching, and the provision of on-line enquiry, reference and tutorial services. At the same time, the professional literature continues to draw attention to the need for librarians to become more closely involved in the learning and teaching process [65, 66] . In a vision statement for the UK academic library in 2005, SCONUL emphasizes that learning support and educational liaison are critical areas for further development [67] . However, the report also warns that the continuing trend towards integration in learning support provision and practice is likely to lead to further blurring of boundaries between professional roles. It also warns that information specialists must continue to be proactive in their professional communities and in their professional development in order to secure recognition and involvement in this area.
Addressing the role and impact of ICTs in educational and professional practice requires analysis of the institutional environments that facilitate and constrain such developments. Focusing on this issue specifically in relation to networked collaborative learning, the TLTP funded CBCGW project included in-depth case study research into 'institutional readiness' for this mode of learning within a single university, in order to investigate the nature of the institutional support needed to embed this approach into university courses. Interviews were conducted with staff drawn from a cross-section of the university's population: academic, management and support staff (including IT staff, library staff and staff developers). Interviewees were questioned on a range of issues applicable to networked collaborative learning, from initial understandings of the term and the current situation within the university, to an assessment of the factors impinging on the future development of networked collaborative learning within the university and consideration of what it might mean for university to learn, as an organization, about networked collaborative learning. The results of this strand of inquiry point to implications relating to organizational design for learning and implications for information professionals [68] [69] [70] .
Learning environments
Constructivist theories of learning have been influential in the work of 'early adopters' of new ICTs for educational purposes [71] . This influence is reflected in work in DIS that seeks to apply constructivist principles to the design of ICT-enabled learning environments and to evaluate the impact on the practice of both learning and teaching. The fundamental assumption of constructivism is that knowledge is not a product that can be transmitted from one person to another and passively accumulated. Instead, learning is understood as active cognitive processing and development of reflexive awareness, mediated through experience and negotiation of meaning in specific socio-cultural contexts. From this perspective, the individual learner can be seen as an active processor of information in a specific context of social action [72] . Continuously (re)constructing and refining knowledge on the basis of their experience and opportunities for intersubjective exchange, learners bring prior understandings to bear in individual ways on new information and situations. Neither the accumulation of information on the one hand, nor of experiences on the other, offer any guarantees that 'deep' learning will take place. What is important is to have opportunities for the transformation of information and experience into knowledge through processes such as reflection, articulation of personal perspectives, assimilation of feedback, evaluation of multiple viewpoints and experimentation.
There are implications here for the design of on-line learning environments. For example, in offering the means to support interactions between participants in a learning community -learners, tutors and others
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involved in supporting learning -VLEs offer a technical framework for the design of constructivist learning environments, described by Grabinger and Dunlap [73] as 'rich environments for active learning' (REALs). REALs seek to promote learning within authentic contexts, use realistic tasks and resources, encourage responsibility, initiative and decision-making in learning, and foster peer collaboration and cooperation amongst learners.
One strand of research in DIS is concerned with exploring educational systems design (ESD) as a methodology for designing on-line REALs. Such environments require detailed specification of learning needs, materials, activities and delivery methods. The complexities of integrating different ICT components according to learning needs and sound pedagogical approaches demand frameworks that are not too dissimilar from information systems design and development methodologies. Traditionally, these have been known as instructional design (ID) methodologies; however, the term 'instructional' has strong connotations with the behaviourist school of thought, and therefore does not match well with the constructivist perspective adopted here. The model shown in Fig. 1 is an example of an ESD framework proposed by Nunes [74] .
As illustrated, some key aspects of the model are as follows. Curriculum design involves defining the course syllabus and contents, including information resources and sources. Since knowledge domains are not readily separated in the world, information from many sources may bear on the analysis of any particular subject and therefore it may not be possible to isolate units of information. At the same time, whilst curriculum design involves defining a body of 'core' information that is central for a course, it is not desirable from a constructivist perspective to impose strong boundaries on what may be relevant. This is because it is taken to be the process of constructing an interpretation or understanding that is important, and meaningful construction is not possible if all relevant information is pre-specified [75] . Curriculum design also involves designing simplified but still meaningful tasks to be experienced by learners, without prespecifying the structure of activity to achieve the tasks.
In the design and specification phase all the components of the learning environment required by the curriculum design are defined, designed and specified. A central strategy for achieving this is provision of access to information and learning resources in order to allow different learners' needs and styles to be satisfied, and to collaborative learning tools such as CMC facilities that enable both peer-topeer and peer-to-tutor communication. During the development phase the learning environment is implemented according to the specifications coming from the design phase; since different types of educational technology may be needed, different development methodologies may then be applied. Next, the learning applications are tested and evaluated individually, and then embedded in the overall learning environment. The final, delivery, stage of the cycle entails installation of the whole learning environment and course implementation. This includes implementing strategies for use by learners, as well as for tutoring and 'scaffolding' learning, and for remedial action. Thorough processes of evaluation are also required to test the efficiency and effectiveness of the on-line REAL, in terms of factors such as acceptance by students, appropriateness for fostering co-operation and collaboration, and the development of learning communities. This ESD model has been used to develop and evaluate a number of VLE-based educational environments in DIS for undergraduate and postgraduate levels in both on-campus and distance education [76, 77] .
Constructivist epistemology suggests a research perspective, as well as an educational philosophy, in Fig. 1 . General ESD framework adapted from Nunes [74] .
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Journal of Information Science, 29 (4) 2003, pp. 298-310 # CILIP relation to the design of networked learning environments. A methodological framework for constructivist, practice-based research has been developed in DIS with the aim of supporting the development of practical knowledge, or 'living theory', in networked learning and networked learning support [78] . Using a combination of on-line and face-to-face methods for data collection, and drawing on principles associated with constructivist programme evaluation [79] [80] [81] as well as interpretivist and critical traditions in educational action research [82, 83] , the framework has been used to carry out in-depth case study evaluation of the NetLinkS networked learning programme described above. The theory developed through this project takes the form of a principled, conceptual framework for designing and facilitating networked professional development that is grounded in empirical research. It identifies four key elements of educational design in this context -task design, socio-technical design, information design and tutoring design -and proposes an integrated approach to facilitating networked learning within four developmental phases that were revealed through analysis of learners' experiences on the programme. These phases are identified provisionally as: access and participation; orientation and socialization; structured networked learning; self-directed and co-operative networked learning (work in progress).
Work on on-line learning environments is also being taken forward using psychological theories of individual difference in cognitive and learning styles. Groundwork has been conducted with the long-term aim of developing intelligent learning environments capable of adapting to individual differences [84] [85] [86] . Building on early work by Pask [87] , Sheffield-based research has charted the effects of matching and mismatching information presentation with cognitive and learning styles, students learning in matched conditions outperforming those working in mismatched conditions [88] [89] [90] [91] [92] . Based on this work, a model has been proposed for the development of virtual learning environments capable of optimizing the stylistic strengths and complementing the weaknesses of individual users [93] . Some exploratory work also has been done to investigate the potential role of neural networks to drive such intelligent learning environments [94] .
Conclusion
We believe that LIS has a distinctive contribution to make to the study of ICT-enabled learning, and there is a growing body of work in LIS both nationally and internationally in the emergent field of educational informatics research. This paper has offered a broad definition of this field and has focused on key features of our own, on-going work in this and closely related areas, in Sheffield. We have indicated that our current work seeks both to understand the effects on learners, teachers and learning support staff of using ICTs in educational practice, and to develop practical knowledge of relevance to the design and facilitation of ICTenabled learning environments. We also have highlighted the interdisciplinary connections between our work and a number of other domains within and beyond information science; these include information literacy, information systems, educational psychology and computer-supported collaborative learning. Theoretical frameworks that inform our work include psychological theories of individual difference in learning styles and constructivist educational theory, and methodological approaches include phenomenography and action research. We hope that the focus of this paper on the purposes and scope of our own, evolving research agenda in Sheffield contributes to clarifying the nature and concerns of this field of inquiry within LIS more generally, and to stimulating further discussion within the literature.
